in intracranial pressure 10 , also leading to further damage. There are also negative social and economic effects of early PTS (e.g. a patient losing his or her driving privileges for a prolonged period of time).
Phenytoin prophylaxis has been shown to lower the incidence of early PTS from 14.2% to 3.6% in one randomized-controlled study. 4 In 2003, The American Academy of Neurology recommended using phenytoin or carbamazepine to prevent early post-traumatic seizures (PTS) for "severe" traumatic brain injuries. 11 This recommendation has also been endorsed by the American Association of Neurological Surgeons and the Brain Trauma Foundation (BTF). 12 While these guidelines on the prophylactic use of phenytoin for PTS were published, clinicians' opinions on the subject still seem to vary. In one paper, clinicians presented with the scenario of an acute epidural hematoma with mass effect agreed that measures such as surgery, fever reduction, early enteral feeding, intensive glucose control, and cerebral perfusion pressuredirected management would all be appropriate. However, antiseizure prophylaxis was of "uncertain appropriateness". 13 To date, there are no studies reporting information on whether clinical practice differs from scholarly recommendations and whether these differences benefit or harm the quality of patient care. In this study, we examined the effects of using phenytoin prophylaxis on all "severe" TBI, as recommended. The definition of severe TBI used by the American Academy of Neurology is "prolonged loss of consciousness or amnesia, intracranial hematoma or brain contusion on computed tomogram (CT) scan, and/or depressed skull fracture". The aims of this study are to determine: 1) the proportion of admitted TBI patients at a large population scale that received phenytoin prophylaxis; 2) which parameters physicians used to decide when to administer phenytoin; 3) the efficacy and complication rate associated with adhering to current phenytoin prophylaxis guidelines.
METHODS

Patient population
The Montreal General Hospital (MGH), part of the McGill University Health Centre (MUHC), is one of only three adult tertiary (level 1) trauma centres serving the province of Quebec, Canada, which has a population of almost eight million people. The Montreal General Hospital TBI Database was used to identify all patients with a diagnosis of TBI admitted between April 1st, 2007 and March 31st, 2009. We performed a retrospective study of early post-traumatic seizure prophylaxis in the 1078 consecutive cases of TBI identified during this twoyear period. The MUHC Ethics Review Board and the Director of Professional Services approved this study and the informed consent requirement was waived.
Exclusion Criteria
Patients were excluded from data collection and/or analysis for the following reasons: (1) the TBI occurred more than seven days prior to admission; (2) upon review there was no TBI; and (3) charts were missing or incomplete.
Phenytoin administration
Phenytoin was administered, in most instances, intravenously with a loading dose of 17mg/kg intravenous infusion over 30 to 60 minutes, followed by a maintenance dose of 100mg given three times daily, either intravenously or orally for a total of seven days. On occasion, when patients were relatively well and did not have continuous cardiac monitoring, a dose of 300mg orally was given at every six hours for a total of three doses (900mg), followed by the same maintenance dose described above.
Data Collected
The variables of interest that were collected included: age, Glasgow Coma Scale (GCS) score 14 after initial resuscitation, incidence of early PTS and the timing in regard to hospital arrival and beginning of prophylaxis; incidence of phenytoin use and time delay from hospital arrival; side effects associated with the prophylaxis used; incidence of phenytoin over-or underdosage. Therapeutic dosage was defined according to two criteria: 1) a phenytoin serum level between 40 and 80 µmol/L within seven days post-trauma and 2) if an albumin level was recorded at the same time as the phenytoin level, a corrected level was calculated according to the albumin level. A previous history of an underlying seizure disorder was also recorded. A diagnosis of seizure was made when reported as such in the Computed tomogram scan images were also reviewed and scored between 1 and 6, according to a modified Marshall grade score [15] [16] (see Table1) . For patients who did not have a CT-scan at our institution, but only at an outside institution, the radiological report was used to determine the Marshall grade score, if the images were not available.
Statistics
Descriptive statistics were reported for all variables as means and standard deviations for numerical variables, and percentages for categorical data. Analyses were done using the statistical computer software program PASW Statistics 17.0 (SPSS, Chicago, IL). Bivariate associations between the administration of phenytoin and subject characteristics were assessed through ttests or chi-square tests, depending on the nature of the variables. In order to determine which factors were more significantly associated with the decision to administer phenytoin, we used a backward logistic regression to determine the relationship between baseline characteristics and the administration of phenytoin. Statistical significance was set at p<0.05.
RESULTS
Patient characteristics
The MGH TBI database contained 1077 charts coded as "TBI". Fifty patients had either no TBI or a TBI that had occurred more than seven days prior to admission and were therefore excluded. Another twenty patients were excluded due to missing or incomplete charts. One patient presented twice with an acute TBI during the two-year span of the study. Therefore, there were 1007 patients included with 1008 entries.
The average (±SD) age of the subjects was 52.16 ± 22.30 years of age, ranging from 16 to 97 (see Figure 1) . The initial GCS varied between 3 and 15 with an average (±SD) of 12.50 ± 3.81. Almost 50% of the subjects had an initial GCS of 15. There were 10 subjects with missing GCS scores. The median was 14. 18% of the subjects had a severe TBI (GCS 3-8), less than 10% had a moderate TBI (GCS 9-12) and the remaining (about 73%) had a mild TBI (GCS 13-15) (see Figure 2) .
Sixty-nine percent of the sample (697 out of 1007, 1 missing value) had findings of acute intracranial injury on the CT-scan (see Table 2 ). All patients with reports from outside institutions and no CT-scan images available had normal findings (Marshall grade 1).
Prophylaxis administration
Six hundred and fifty-three (64.8%) subjects were administered phenytoin as a preventive agent. Thirty-three (3.3%) patients had a diagnosis of seizure disorder prior to admission and seventeen (1.7%) patients were already on antiseizure medication and were continued on their medication instead of phenytoin. Bivariately, the variables associated with the prophylaxis use of phenytoin were age, positive CT findings, the Marshall grade and the initial GCS (see Table 3 ). When considering only those variables in the backward dichotomous logistic regression, two factors were significant in explaining this use of phenytoin: positive CT findings and a Marshall grade of 4 or more. A patient with positive traumatic findings on the CT scan was 22.6 times more likely (95% CI = [15.589; 32.164]) to receive phenytoin than if the CT scan was normal. Also, a patient with a Marshall grade of 4 or more on CT scan was 3.4 times more likely (95% CI = [1.672 ; 6.916]) to receive phenytoin prophylaxis. The effect of age and GCS were not statistically significant once CT findings and Marshall scores were taken into consideration. 
Timing of administration and levels
In 504 patients we could calculate the exact time delay between admission and phenytoin load; the mean was 299.6 minutes (SD = 282.6). In 266 (42.2%) patients a phenytoin serum level was drawn at least once during the first seven days. One hundred and ten (41.4%) had at least one adjusted phenytoin level too low, 18 (7%) had one level too high, 138 (51.9%) had therapeutic levels.
Post-traumatic seizure incidence
A total of 54 (5.4%) patients had early PTS. Patients who developed early PTS tended to be somewhat older (average 59.7 years) and to have a lower GCS score (10.4) but these differences were not statistically significant. Of note is that 16 (29.6%) patients with early PTS had a presenting GCS of 15, and another six (11.1%) had a GCS of 13 or 14. Nineteen (35.2%) patients had a GCS of 8 or less. Patients with PTS had a higher Marshall grade score (3.2 compared to 2.2). However 10 had a normal CT-scan. Only two patients with early PTS had a depressed skull fracture and penetrating head injury. Nearly half (26 patients) however had an acute subdural hematoma, and 15 (27.8%) had intracerebral contusions or hematomas.
Post-traumatic seizure timing and prophylaxis
Of the 54 patients with PTS, 23 (2.3%) had received phenytoin prophylaxis, while 31 (3.1%) had a seizure while not on phenytoin. Nineteen (1.9%) of these 31 patients had immediate seizures prior to reaching the hospital; another 12 (1.2%) had a seizure prior to phenytoin administration in the hospital. Of these 12 patients, five had their seizure in an outside hospital, prior to being transferred to our tertiary care center. The other seven patients had their seizure at 5, 7, 9, 24, 259, 700 and 1440 minutes after arrival to our institution respectively. The latest one had a GCS 15 on arrival and a normal CT-scan, and was therefore not given phenytoin prophylaxis. Figure 3 gives a breakdown of the timing of seizures. A total of 78 patients had EEG testing done to confirm or infirm seizures. Twenty-seven patients had continuous EEG monitoring done. Three patients had seizures diagnosed on EEG, including one intra-operative seizure.
Nineteen of the 23 patients who had seizures while on prophylaxis had a phenytoin serum level measured while on treatment. Of these patients, nine had a therapeutic level, seven had a low level, and two had a high level.
Phenytoin-related side effects
A total of five patients, or 0.8% of patients who received phenytoin, had adverse reactions. The side effects were as follows: one patient had bradycardia recorded while receiving an intravenous loading dose, one patient developed face and trunk redness, one patient complained of skin itchiness without a rash, and two patients developed elevated liver enzymes. Four of these five patients did not have their phenytoin levels tested, but the only patient tested had a therapeutic level of phenytoin.
Compliance with guidelines
Of the 355 patients who did not receive phenytoin prophylaxis, only three patients seemed to have met criteria for prophylaxis upon review of their charts. One patient had a GCS score of seven, while two patients had significant findings on their CT-scan; one had a significant subdural haematoma and the other one had multiple intra-cerebral contusions. This represents 0.03% of the total patient population studied, or a compliance rate of 99.7% with the guidelines.
DISCUSSION
Compliance with the American Academy of Neurology and the Brain Trauma Foundation guidelines might contribute to a low rate of early PTS, with an incidence of 2.3 % in this series. This is comparable with the rate reported by Temkin et al. 4 The compliance rate was very high in our tertiary care center, reaching 99.7%. This high compliance rate may be due to two factors: 1) TBI patients are likely to be seen by emergency physicians, the trauma team, a neurosurgeon, and also often by an intensivist, which increases the likelihood of at least one physician prescribing phenytoin prophylaxis when indicated; 2) the institution has a protocol-driven practice; therefore, upon admission to an intensive care unit -at the very latest -phenytoin is prescribed and administered. The compliance rate may not be as high in non-tertiary centers. However, since in an organized trauma system, almost all victims of significant TBI are either directly transported to a tertiary care center after their injury or quickly transferred after brief stabilisation in primary or secondary centers 17 , most patients that meet criteria for PTS prophylaxis will receive it with a relatively short delay postinjury.
The primary decision-making parameter was the CT-scan findings, which is likely to cover a significant cause of PTS. Indeed, the amount of focal tissue destruction is the most important factor in predicting the development of early and late post-traumatic seizures. 18 The degree of injury on CT-scan, as measured by Marshall grade score, followed. Patients receiving phenytoin were significantly older, but this could be explained by the fact that older age is a risk factor for intracranial findings after a head injury. [19] [20] [21] [22] [23] Indeed, when adjusting for CT findings, age was not an independent factor predicting the use of phenytoin. When we compared the group of patients who had early PTS to the entire patient population, age was not a factor for developing PTS, nor was GCS, with more mild (GCS [13] [14] than severe TBI (GCS 8 or less). However, those patients who had PTS had also more severe injuries on CT-scan. This finding seems to support our current practice.
We encountered a low incidence of side effects, all of which were mild. Phenytoin use can be associated with many side effects, some being potentially fatal. Some potential side effects affecting the central nervous system such as dizziness, sedation, diplopia and ataxia may be mistaken for symptoms related to the brain injury and therefore overlooked. Other manifestations such as hypotension and arrhythmias should however be easily detected while patients are being monitored during and shortly after the initial loading dose of phenytoin. Side effects related to chronic use of phenytoin, such as gingival hyperplasia, hematologic abnormalities, and teratogenicity manifest with prolonged use of the drug and were not seen in this series. Only one mild case of potential allergic reaction (skin rash) was seen.
In this study, we found that we clearly did not adequately measure phenytoin levels in all patients. Furthermore, we found that almost half of patients who were tested had at least one nontherapeutic phenytoin level within the first week. We noted that in the 23 patients under prophylaxis who did have early PTS, seven had abnormally low levels, and an additional four had no level tested. This means that up to eleven cases (48%) of early PTS on prophylaxis may have been prevented if levels had been adequately monitored and adjusted. The low rate of phenytoin levels monitoring may be partially explained by the fact that a proportion of the patients may not have been hospitalized long enough to be tested.
We found that we had an average of five hours in delay between patient admission and phenytoin administration in this study. However, since the peak of early PTS is within 48 hours of the injury 24 , the majority occurring within 24 hours post injury 25 , prophylaxis should be administered early. Moreover, it is believed that the epileptogenic process leading to posttraumatic seizure begins at the time of injury. 9 Prophylaxis should therefore be administered as early as possible, some recommending even within one hour of the trauma itself. 10 Indeed, in our series, 19 patients seized shortly after the injury, another five while at another institution and another three early PTS occurred within ten minutes of admission to our institution. One more had PTS 24 minutes after admission. Many of these very early PTS are difficult to prevent. While administering phenytoin as early as possible postinjury will prevent early PTS and may prevent secondary damage, recent studies on rat populations suggest that indiscriminate phenytoin use may cause harm 26 . Also, even when using phenytoin according to recommendations, preventing early PTS may have limited effect on overall patient outcome and late PTS incidence.
The limitations of this chart review include its reliance on the written records (i.e., progress notes and discharge summaries) of multiple individuals, including medical staff physicians, residents, and nurses, each with their different levels of attention to detail. 27 Often the exact timing of administration of phenytoin could not be found. Furthermore, our reported incidences of seizures may not accurately reflect true epileptic activity, as EEG was continuously recorded in only a few patients, and other events may be misinterpreted as seizures. In addition, this population contains mainly patients with "mild" TBI, which might lower the frequency of PTS. Twenty patients had to be excluded, either because charts could not be localized, or because some components of the charts were missing.
CONCLUSIONS
A high rate of compliance with guidelines for phenytoin administration following TBI was likely responsible for the low incidence of early PTS observed in our institution. In our study the low incidence of short-term side-effects appeared to justify the use of phenytoin for seizure prophylaxis in a large population group. At least one level should be drawn during the first seven days.
